(D 

Cross Mark 



organic compounds 



9,1 0-Dioxoanthracene-1 ,4-diyl 
bis(4-methylbenzenesulfonate) 

Thapong Teerawatananond,' Chiaranan Kerdsamut,'' 
Sirirat Kokpor and Nongnui Muangsin''* 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 



y = 107.190 (1)° 
V = 1232.41 (6) A' 
Z = 2 

Mo Ka radiation 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2008) 
T^i„ = 0.912, r„„„ = 0.948 
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r = 296 K 

0.35 X 0.20 X 0.20 mm 



12983 measured reflections 
5616 independent reflections 
3997 reflections with / > 2a{I) 
RiM = 0.031 
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Refinement 

R[F^ > 2a(F^)] = 0.044 

wR{F^) = 0.127 

S = 1.02 

5616 reflections 

343 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



346 restraints 

H-atom parameters constrained 
Ap„„, = 0.28 e A"^ 
APmin = -0.30 e A"^ 
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Key indicators: single-crystal X-ray study; T = 296 K, P = 0.0 kPa; mean o-(C-C) = 
0.003 A; R factor = 0.044; wR factor = 0.127; data-to-parameter ratio = 16.4. 

The title molecule, C28H20O8S2, has a T-shaped conformation. 
The central 9,10-anthraquinone moiety is bow-shaped with the 
two outer aromatic rings being inclined to one another by 
13.99 (11)°. The benzenesulfonate rings are inclined to one 
another by 47.35 (12)°, and by 34.51 (11) and 17.88 (11)° to 
the bridging aromatic ring of the 9,10-anthraquinone moiety. 
In the crystal, C— H- ■ O interactions link the molecules into 
ribbons in [100]. 

Related literature 

For background to the structures of anthraquinones and their 
biological activity, see: Zielske (1987); Yatsenko et al. (2000); 
Huang et al. (2004); Meng et al. (2005); Garci'a-Sosa et al. 

(2006) ; Cho et al. (2006); Garland et al. (2010). For related 
structures, see: Swaminathan & Nigam (1967); Cao et al. 

(2007) . 



C7-H7- ■ 04' 0.93 2.48 3.333 (3) 153 

C3-H3- ■ 08" 0.93 2.49 3.245 (3) 139 

Symmetry codes: (i) x — 1, y, z; (ii) —x + 1, — y, — z + 1. 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: piiblCIF (Westrip, 2010). 
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Experimental 

Crystal data 

C28H20O8S2 
M, = 548.56 
Triclinic, PI 
a = 9.6796 (2) A 




b = 10.9426 (3) A 
c = 13.1833 (4) A 
a = 111.122 (1)° 
P = 90.961 (1)° 
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9,1 0-Dioxoanthracene-l,4-diyl bis(4-methylbenzenesulfonate) 
ThapongTeerawatananond, Chiaranan Kerdsamut, Sirirat Kokpol and Nongnuj Muangsin 

Comment 

Anthraquinone and its derivatives have been studies in the many fields, for example, antimicrobial and antibiotic activity 
(Garcia-Sosa et al., 2006), anticancer agents (Huang, et al, 2004; Garland et al, 2010). Additionally, both of 
unsubstituted and substituted anthraquinone play an important role in various photochemical and colorimetric sensor 
systems (Cho et al, 2006). The natural extracts or synthetic anthraquinones have been used in the field of dyes and 
pigments (Meng et al, 2005; Yatsenko et al, 2000; Cao et al, 2007). 

1 ,4-Bis(hydroxy)anthraquinone is one of an important anthraquinone starting materials for preparation the various 
anthraquinone dyes and pigments (Zielske, 1987). In this work, we report the intermediate of an anthraquinone dye with 
the two symmetric tosylate substituents. 

The molecular structure of l,4-bis(tosyloxy)anthraquinone consisting of the two tosylate groups substituted at 1,4- 
positions of anthraquinone core, has a dragonfly-like conformation with the stranded 9,10-anthraquinone fragment. The 
anthraquinone plane is distorted by 0.1814 A from the mean plane defined by 16 atoms becuase of the steric effect of two 
substitued tosyl groups. The 01 and 02 atoms were deviatated from the anthraquinone mean plane with the distances of 
-0.2736 (16) A and -0.1467 (15) A, respectively, which are respectively in the normal range for the distortion of 
oxyquinone reported for 1 ,4-bis(hydroxy)anthraquinone (Swaminathan et al, 1967). Additionally, the moderate 
intermolecular hydrogen bonds of sp^C — H---0 have been investigated between the hydrogen atom bound the aromatic 
carbon inside quinone ring, and the oxygen atom at the sulfonate group in the /?-toluenesulfonate moiety as Figure 2. The 
distance of G(7)— H(7)-0(4) is 3.333 (3) A and G(3)— H(3)-0(8) is 3.245 (3) A that showed in the Table 1. In the 
crystal structure, non-classical intermolecular C — H— O hydrogen bonds link molecules into ribbons in [100]. 

Experimental 

l,4-Bis(tosyloxy)anthraquinone was prepared by a stirred solution of l,4-bis(hydroxyl)anthraquinone or quinizarin (0.241 
g, 1.00 mmol) m 25 mL of dry dichloromethane was added triethylamine (0.205 g, 2.03 mmol) and p-toluenesulfonyl 
chloride (0.383 g, 2.01 mmol). The solution was stirred at room temperature for 24 hours. The precipitate was filtered off 
and then washed with water and dried over magnesium sulfate. Filtration of slurry gave a bright yellow-green solid. The 
final product was recrystaUized in hexane: dichloromethane using slow evaporation which was suitable for X-ray 
diffraction analysis. Additionally, 'H of 1 ,4-bis(tosyloxy)anthraquinone were recorded in GDCI3 solution on a Varian 
Mercury Plus 400 spectrometer. 'H NMR spectrum {8, ppm): 7.94-8.02 (2H,m); 7.69-7.91 (6H,m); 7.45 (2H,s); 7.24-7.33 
(4H,m); 2.35 (6H,s) (Zielske et al., 1987). 

Refinement 

All H-atoms were geometrically positioned and refined using a riding model, with G — H = 0.93 A (aromatic) and 0.96 A 
(methyl), and U^^QI) = 1.2-1.5 C/eq(G). 
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Computing details 

Data collection: APEX2 (Bniker, 2008); cell refinement: SAINT (Brnkei, 2008); data reduction: SAINT (Bmker, 2008); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farmgia, 1997); software used to prepare material for publication: 
publCIF {Westrip, 2010). 




Figure 1 

The molecular structure of the title compound showing the atom-numbering scheme. Displacement ellipsoids are drawn 
at the 50% probability level. 

9,1 0-Dioxoanthracene-1 ,4-diyl bis(4-methylbenzenesulfonate) 



Crystal data 

C28H20O8S2 
M,= 548.56 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.6796 (2) A 
Z7= 10.9426 (3) A 
c= 13.1833 (4) A 
a= 111.122(1)° 
= 90.961 (1)° 
7= 107.190(1)° 
F= 1232.41 (6) A^ 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p and CO scans 



Z=2 

F(000) = 568 

Z),= 1.478 Mgm-3 

Mo Ka radiafion, 1 = 0.71073 A 

Cell parameters from 3943 reflections 

(9 = 2.6-27.1° 

fi = 0.27 mm"' 

r=296K 

Block, yellow-orange 
0.35 X 0.20 X 0.20 mm 



Absorption correction: multi-scan 

{SADABS; Bruker, 2008) 
r^.„ = 0.912, r„ax = 0.948 
12983 measured reflections 
5616 independent reflections 



Acta Cryst. (2012). E68, o1423-o1424 



sup-2 



supplementary materials 



3997 reflections with / > 2(7(1) 
i?w = 0.031 

^max 27,5 , ^min 1.7 

Refinement 

Refinement on P- 
Least-squares matrix: full 
R[F^ > 2(7(i^)] = 0.044 
wRiF") = 0.127 

1.02 
5616 reflections 
343 parameters 
346 restraints 

Primary atom site location: structure-invariant 
direct methods 



h = -9^l2 
A:= -14^14 
/ = -17^16 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[ct\F,^) + (0.0564Pf + G.3809P] 

where P^iFo^ + 2F,y3 

(A/ff)n^< 0.001 

Ap„ax = 0.28 e A-3 
Ap™„ = -0.30e A-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into accoimt individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (j(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- */u 


CI 


0.0724 (2) 


-0.3607 (2) 


0.30321 (17) 


0.0455 (5) 


C2 


0.2026 (2) 


-0.2898 (2) 


0.37289 (19) 


0.0540 (5) 


H2 


0.2612 


-0.3377 


0.3859 


0.065* 


C3 


0.2451 (2) 


-0.1479 (2) 


0.42300 (19) 


0.0526 (5) 


H3 


0.3337 


-0.0992 


0.4688 


0.063* 


C4 


0.1559 (2) 


-0.07826 (19) 


0.40504(16) 


0.0410(4) 


C4A 


0.0214 (2) 


-0A4144 (19) 


0.33781 (15) 


0.0381 (4) 


C5 


-0.3343 (2) 


-0.0885 (3) 


0.2748 (2) 


0.0572 (6) 


H5 


-0.3097 


0.0060 


0.3157 


0.069* 


C5A 


-0.2305 (2) 


-0.1552 (2) 


0.26945 (16) 


0.0441 (4) 


C6 


-0.4726 (3) 


-0.1623 (3) 


0.2197 (2) 


0.0700 (7) 


H6 


-0.5425 


-0.1183 


0.2251 


0.084* 


C7 


-0.5085 (3) 


-0.3014 (3) 


0.1565 (2) 


0.0713 (7) 


H7 


-0.6016 


-0.3501 


0.1173 


0.086* 


C8 


-0.4074 (3) 


-0.3691 (3) 


0.1510(2) 


0.0616 (6) 


H8 


-0.4325 


-0.4632 


0.1084 


0.074* 


C8A 


-0.2675 (2) 


-0.2962 (2) 


0.20916 (17) 


0.0457 (5) 


C9 


-0.1623 (2) 


-0.3716 (2) 


0.20721 (17) 


0.0465 (5) 


C9A 


-0.0210 (2) 


-0.29290 (19) 


0.28346 (16) 


0.0404 (4) 


CIO 


-0.0799 (2) 


-0.0713 (2) 


0.32586(16) 


0.0426 (4) 


Cll 


-0.0130(2) 


-0.7359 (2) 


0.09847 (17) 


0.0465 (5) 


C12 


-0.0189 (3) 


-0.8400 (2) 


0.13582 (17) 


0.0508 (5) 


H12 


0.0487 


-0.8251 


0.1935 


0.061* 
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Atomic displacement parameters (A^) 
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0.04jD (11 J 


0.0435 (11) 


A AOA/; /'A^ 

o.ozoo (y) 


A AA/IQ /0^ 

0.004o (y) 


A A1 "3 A 
0.0130 


(9) 


/"'to 


U.UolU 


(13) 


A AC 1 T /I ^\ 

0.05 1 / (Izj 


A A/1 AO /I 1 \ 

0.040o (11) 


A AOT /I /I A\ 

0.0z34 (10) 


0.0063 (10) 


A A1 /I 0 

0.014o 


(9) 


Z"' 1 "J 




(16) 


0.04/5 (12) 


A A/IAA /I 1\ 

o.04yy (13) 


A AO AC / 1 1 \ 

0.0205 (11) 


AA1A1 /IIX 

o.oiyi (11) 


A A1 AO 

o.oiyo 


/"I A\ 

(10) 


/"'I /I 
Ci4 


A A/CAO 


(14) 


A AC 11 /I '3\ 

0.0511 (13) 


A A/1 01 /I ■3\ 

0.0481 (13) 


A A1 CI /I 1 \ 

0.0153 (11) 


A A1 OA /I A\ 

o.oi2y (10) 


A AA/C1 
0.0061 


/I A\ 

(10) 






(17) 


0.0o4o (15) 


0.05 /o (15) 


0.0zz4 (13) 


—0.0144 (12) 


A A 1 AO 

O.OlOo 


/ 1 o^ 
(12) 




A ATT/: 


(17) 


A ACO 1 / 1 

0.05zl (13 ) 


A ACAC /I /1\ 

0.05o5 (14) 


A AO /I 1 /I 0\ 

0.0z41 (12) 


A AA/I C /I --JA 

—0.0045 (12) 


A A 1 OC 

o.oiy5 


/1 1 ^ 

(11) 


CI / 


0.0/ /y 


(19) 


0.0od2 (1 /) 


A ATCT /I A\ 

0.0 /52 (ly) 


A AAA/1 i 1 A\ 

0.0004 (14) 


AA101 /1C\ 

0.0121 (15) 


A AA/CA 

o.oo6y 


/ 1 /I \ 
(14) 


Cio 


A A-l OA 

o.ojoy 


(10) 


A (\i on /"I A\ 
0.03o/ (10) 


A A/I 1Z /"I f\\ 

0.0435 (10) 


A AAA/1 /0\ 

o.ooy4 (o) 


A AACl /'0\ 

0.0053 (o) 


A A1 T/i 
0.01 /4 


(8) 


1 n 


0.0446 


(11) 


0.0460 (12) 


A AC 1 T /I 0\ 

0.05 1 / (12) 


A A 1 /I A /A\ 

0.0149 (9) 


A AAAC 

—0.0005 (y) 


A A1 TI 

0.01 /3 


/'^ A^ 

(10) 


/"'OA 


O.Ojjj 


(13) 


A A/1 AO / 1 0\ 

0.04OZ (12) 


A ACAO /■! '2^ 

0.050 / (13) 


A AAOA A\ 

0.0090 (10) 


A AAA1 /I AA 

—0.0001 (10) 


A AAOO 

o.ooy / 


/■I A^ 
(10) 


/'^'^ 1 


0.0j04 


(12) 


AA/IA"? 

0.0403 (11) 


A AiCOC /I C\ 

0.0oo5 (15) 


A A1 1 C /A\ 

0.0115 (y) 


A AO 1 O / 1 1 \ 

0.0210 (11) 


A AO 1 0 

0.021 5 


/I A\ 

(10) 




A A/1 O 

0.045O 


(13) 


A AC/CC /I /1\ 

0.05o5 (14) 


A AAA1 /I 0\ 

o.oyo3 (Id) 


A Alio /I 1 \ 

0.0226 (11) 


A AAC A 1 '^\ 

0.0054 (12) 


A A'} 1 0 

0.03 lo 


(13) 




A Ayl O O 

0.04od 


(12) 


A AC1A /^IIA 

0.0510 (13) 


A A/C /I C / 1 /I ^ 

0.0645 (14) 


A A1 1 jC /I A\ 
0.01 16 (10) 


A A AT 1 /I n\ 

—0.00/1 (10) 


A A1 f\A 

o.oiy4 


/I 1 \ 

(11) 




A A^OO 

0.0 /oy 


(19) 


A A/1 /;a ^^ a\ 
0.04oy (14) 


A 1 1 1 /"OA 

0.111 (2) 


0.0224 (13) 


0.03 /4 (1 /) 


A AO 1 T 

0.021 / 


/"I A\ 

(14) 


Ul 


O.Oozo 


(11) 


0.04/3 (y) 


A AOCA /I 0\ 

0.0 /5y (12) 


A A1 1 0 /'0\ 

0.01 lo (o) 


A AA/CiC tew 

—0.0066 (y) 


A AAAO 

O.OOOo 


(8) 


02 


0.0574 


/1 A\ 

(10) 


A AO A A /0 \ 

0.0394 (8) 


A AAAA /I 'IX 

o.oyoo (12) 


A A 1 /I 

0.0142 (7) 


A A A "7 A /0\ 

—0.0070 (8) 


A AO A A 

0.0204 


(8) 


U3 


O.OoOD 


(9) 


A Al A O 

0.0345 (/) 


A A /CI A /'n\ 

o.o63y (y) 


A A1 /CI /'7\ 

0.0163 (/) 


A A1 /CO i'n\ 

0.0160 (/) 


A A 1 0 1 

O.Olol 


(7) 


U4 


A ATOA 

0.0 /zy 


(11) 


A f\^Q 1 /'1 1 ^ 
O.Oooi (11) 


o.o6y / (11) 


A AAOO /'A\ 

0.00 / / (y) 


A A1 HA iC\\ 

0.01 /4 (y) 


A A-ICA 

0.0350 


(9) 








n o^i^s /'I ^^ 

U.UUZJ 1 J 




U.UZ Jo ^^O ) 






\7) 


06 


0.0448 


(8) 


0.0353 (7) 


0.0423 (7) 


0.0068 (6) 


0.0057 (6) 


0.0108 


(6) 


07 


0.1037 


(14) 


0.0592 (10) 


0.0436 (9) 


0.0113 (9) 


0.0181 (9) 


0.0147 


(7) 


08 


0.0432 


(9) 


0.0529 (9) 


0.1090(14) 


0.0186 (7) 


0.0147 (9) 


0.0240 


(9) 


SI 


0.0476 


(3) 


0.0408 (3) 


0.0491 (3) 


0.0111 (2) 


0.0124 (2) 


0.0141 


(2) 


S2 


0.0477 


(3) 


0.0467 (3) 


0.0563 (3) 


0.0174 (2) 


0.0067 (2) 


0.0158 


(2) 



Geometric parameters (A, °) 



CI— C2 


1.379 (3) 


C13— C14 


1.381 (3) 


CI— 03 


1.399(2) 


C13— H13 


0.9300 


CI— C9A 


1.401 (3) 


C14— C15 


1.387 (4) 


C2— C3 


1.375 (3) 


C14— C17 


1.507 (3) 


C2— H2 


0.9300 


C15— C16 


1.373 (3) 


C3— C4 


1.376 (3) 


C15— H15 


0.9300 


C3— H3 


0.9300 


C16— H16 


0.9300 


C4— C4A 


1.396 (3) 


C17— H17A 


0.9600 


C4— 06 


1.399(2) 


C17— H17B 


0.9600 


C4A— C9A 


1.413 (3) 


C17— H17C 


0.9600 


C4A— CIO 


1.500 (3) 


C18— C19 


1.379 (3) 


C5— C6 


1.370 (3) 


C18— C23 


1.380 (3) 


C5— C5A 


1.395 (3) 


C18— SI 


1.744(2) 


C5— H5 


0.9300 


C19— C20 


1.376 (3) 


C5A— C8A 


1.385 (3) 


C19— H19 


0.9300 


C5A— CIO 


1.484 (3) 


C20— C21 


1.375 (3) 


C6— C7 


1.376(4) 


C20— H20 


0.9300 


C6— H6 


0.9300 


C21— C22 


1.378 (3) 


C7— C8 


1.380 (4) 


C21— C24 


1.510(3) 


C7— H7 


0.9300 


C22— C23 


1.375 (3) 
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C8— C8A 
C8— H8 
C8A— C9 
C9— 01 
C9— C9A 
CIO— 02 
Cll— C12 
Cll— C16 
Cll— S2 
C12— C13 
C12— H12 



1.394 (3) 
0.9300 
1.484 (3) 
1.206(2) 
1.502 (3) 
1.209 (2) 
1.383 (3) 
1.383 (3) 
1.740 (2) 
1.377 (3) 
0.9300 



C22— H22 
C23— H23 
C24— H24A 
C24— H24B 
C24— H24C 

03— S2 

04— S2 

05— S2 

06— SI 

07— SI 

08— SI 



0.9300 

0.9300 

0.9600 

0.9600 

0.9600 

1.6126(15) 

1.4180(17) 

1.4140(18) 

1.6094 (14) 

1.4153 (18) 

1.4185(17) 



C2— CI— 03 
C2— CI— C9A 
03— CI— C9A 
C3— C2— CI 
C3— C2— H2 
CI— C2— H2 
C2— C3— C4 
C2— C3— H3 
C4— C3— H3 
C3— C4— C4A 
C3— C4— 06 
C4A— C4— 06 
C4— C4A— C9A 
C4— C4A— CIO 
C9A— C4A— CIO 
C6— C5— C5A 
C6— C5— H5 
C5A— C5— H5 
C8A— C5A— C5 
C8A— C5A— CIO 
C5— C5A— CIO 
C5— C6— C7 
C5— C6— H6 
C7— C6— H6 
C6— C7— C8 
C6— C7— H7 
C8— C7— H7 
C7— C8— C8A 
C7— C8— H8 
C8A— C8— H8 
C5A— C8A— C8 
C5A— C8A— C9 
C8— C8A— C9 
Ol— C9— C8A 
01— C9— C9A 
C8A— C9— C9A 
CI— C9A— C4A 



117.61 (18) 

122.05 (18) 

120.18(18) 

119.6(2) 

120.2 

120.2 

119.7(2) 

120.1 

120.1 

122.00(18) 

117.29(17) 
120.54 (17) 
118.59(17) 
121.41 (17) 
119.96(17) 
119.9(2) 
120.0 
120.0 

120.04 (19) 
121.30(18) 
118.63 (19) 

120.3 (2) 
119.8 
119.8 

120.4 (2) 
119.8 
119.8 
119.9(2) 
120.0 
120.0 
119.3(2) 
121.30(18) 
119.3 (2) 
120.74 (19) 
122.00 (19) 
117.25 (17) 
117.97(17) 



C13— C14— C17 
C15— C14— C17 
C16— C15— C14 
C16— C15— H15 
C14— C15— H15 
C15— C16— Cll 
C15— C16— H16 
Cll— C16— H16 
C14— C17— H17A 
C14— C17— H17B 
H17A— C17— H17B 
C14— C17— H17C 
H17A— C17— H17C 
H17B— C17— H17C 
C19— C18— C23 
C19— C18— SI 
C23— C18— SI 
C20— C19— C18 
C20— C19— H19 
C18— C19— H19 
C21— C20— C19 
C21— C20— H20 
C19— C20— H20 
C20— C21— C22 
C20— C21— C24 
C22— C21— C24 
C23— C22— C21 
C23— C22— H22 
C21— C22— H22 
C22— C23— C18 
C22— C23— H23 
C18— C23— H23 
C21— C24— H24A 
C21— C24— H24B 
H24A— C24— H24B 
C21— C24— H24C 
H24A— C24— H24C 



121.2 (2) 
120.9 (2) 

122.0 (2) 
119.0 
119.0 
118.5(2) 
120.7 
120.7 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

120.68 (19) 

119.46(16) 

119.85 (16) 

119.4(2) 

120.3 

120.3 

121.2 (2) 

119.4 

119.4 

118.0(2) 

120.9 (2) 

121.1 (2) 

122.2 (2) 
118.9 
118.9 
118.4(2) 
120.8 
120.8 
109.5 
109.5 
109.5 
109.5 
109.5 
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CI — cyA — Cv 


lzl.35 (17) 


Hz4B — Lz4 — H24C 




109.5 


C4A — C9A — Cy 


120.65 (17) 


CI — 03 — b2 




116.74 (12) 


02 — L 1 0 — C5 A 


119.98 (18) 


C4 — 06 — a 1 




116.91 (11) 


Uz C 1 U C4 A 


1 AC\ f \ 0\ 

122.49 (18) 


07 — SI — 08 




118.31 (12) 


L5 A — C 1 U — C4A 


117.53 (17) 


07 — SI — O6 




1 f\n £.[\ 

107.69 (9) 


C12 — Cll — C16 


121.1 (2) 


08 — SI — 06 




1 AO /II /A\ 

108.43 (9) 


C12 — Cll — s2 


119.64 (17) 


07 — bl — L18 




111 OZT /I 1 \ 

111.86 (11) 


Clo — Cll — S2 


119.27 (17) 


O8 — SI — CI8 




1 A A A/i; /I A\ 

109.96 (10) 


/^I'j i^io 

Cli — C12 — Cll 


1100 /-^X 
11 0.0 (z) 


Oo — SI — C18 




AO tlC\ /0\ 

98.69 (8) 


PI ^ (-'19 l-TI 9 


iZU.D 


OS c9 nzL 

\jj — oz — 




11091 (\'^\ 


Cll— C12— H12 


120.6 


05— S2— 03 




107.16(10) 


C12— C13— C14 


121.7(2) 


04— S2— 03 




107.48(10) 


C12— C13— H13 


119.2 


05— S2— Cll 




110.58(10) 


C14— C13— H13 


119.2 


04— S2— Cll 




111.42(11) 


C13— C14— C15 


117.8(2) 


03— S2— Cll 




98.85 (9) 


Hydrogen-bond geometry (A, °) 


D—n-A 


D—n 




D-A 


D—^-A 


C7— H7-04' 


0.93 


2.48 


3.333 (3) 


153 


C3— H3-08" 


0.93 


2.49 


3.245 (3) 


139 



Symmetry codes: (i) 'xr-\,y, z; (ii) -y, -z+I. 
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